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The High Cost of Diabetes Drugs:
Disparate Impact on the Most
Vulnerable Patients
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The arc of the moral universe is long,
but it bends toward justice.

—Martin Luther King, Jr.

Diabetes exacts a high cost in human
suffering, including increased burdens of
cardiovascular disease, blindness, end-
stage kidney disease, and amputations.
Landmark clinical trials have demon-
strated the value of intensive pharma-
cotherapy to delay or prevent chronic
complications of diabetes (1-6). Over the
past decade, clinical trials demonstrated
that several sodium—glucose cotransporter
2 (SGLT2) inhibitors and glucagon-like
peptide 1 (GLP-1) receptor agonists de-
crease the risks of major adverse cardio-
vascular events, hospitalization for heart
failure, and progression of diabetic kidney
disease (7-12). In this issue of Diabetes
Care, Zhou et al. (13) estimate the eco-
nomic cost of glucose-lowering drugs at
$57.6 billion per year in the U.S. in 2015—
2017 (~15-20% of the estimated annual
cost for all prescription drugs in the U.S.).
At a human level, the financial burden
has a devastating impact on people with-
out health insurance and people whose
insurance imposes high deductibles—the
people least able to afford the high cost
of diabetes drugs. Thus, the high cost of
diabetes drugs has important implications
for both public policy and social justice.

Zhou et al. (13) obtained data from
the Medical Expenditure Panel Survey, a
nationally representative survey for the
civilian noninstitutionalized population
in the U.S. National spending on glucose-
lowering drugs was estimated by extrap-
olating to the entire U.S. population. The
authors estimated that total national spend-
ing on glucose-lowering medications in-
creased by 240% (from $16.9 to $57.6
billion per year expressed in 2017 dollars)
in 2015-2017 compared with 2005-2007.
Over the same time period, the authors
estimated a 38%increase in the number of
people using glucose-lowering drugs (from
15.3t021.1 million) and a 147% increase in
the average annual cost per user (from
$1,106 to $2,727). Further analysis re-
vealed thought-provoking differences
among different classes of diabetes drugs,
with the largest increases in spending on
insulins (+610%) and “newer” (currently
proprietary) drugs (+1,730%). In contrast,
spending on “older” (currently generic)
drugs actually decreased (—80%), while
spending on metformin changed relatively
little (+11%) over the course of the decade.

Despite the attention-grabbing nature
of these estimates, the simplified analysis
(13) does not do justice to this extremely
complicated topic. Several critical factors
were not adequately taken into account:

Rebates and discounts. Insulin provides
an instructive case study of the major
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impact of rebates and discounts (14).
Working on behalf of health plans and
insurance companies, pharmacy benefit
managers (PBMs) often negotiate dis-
counted prices that are below a drug’s
list price (Fig. 1A). Similarly, PBMs often
require drug manufacturers to pay rebates
in exchange for favorable placement of
their drugs in the PBM’s formulary.
Typically, the PBM retains a portion of
the rebate but passes most of the payment
to the health plan or the insurance com-
pany. In a different context, such re-
bates might be viewed as “kickbacks” or
“pay-to-play” arrangements, but they
seem to be legal in this context. Although
the size of rebates is often shrouded in
secrecy, Novo Nordisk disclosed that
sales rebates amounted to 59% of
gross sales in the U.S. in 2016 (15).
Discounts and rebates were much smaller
in 2007 with the net price being approx-
imately the same as the list price. The net
price for insulin increased by ~57% be-
tween 2007 and 2016 versus a ~252%
increase in the list price (Fig. 1B) (14,16). This
translates into compound annual growth
rates (CAGR) of ~5% for net price and
~15% for list price. The list price exag-
gerates the actual aggregate cost of
paying for insulin, which is more accu-
rately reflected by the net price. Viewed
through the lens of macroeconomics,
a 5% CAGR is far more manageable
than a 15% CAGR. Nevertheless, it is
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Figure 1—Impact of rebates. Panel A illustrates the complex supply chain for a drug such as insulin. PBMs require manufacturers to pay rebates in
exchange for favorable placement of their drugin the PBM’s formulary. While the PBM retains a portion of the rebate, a substantial portion is paid to the
health plan orinsurance company, thereby decreasing the net cost of the drug paid by that health plan/insurance company. Panel Billustrates theimpact
of rebates on price paid for insulin during the decade between 2007 and 2016. While the list price has increased by 252% throughout the entire decade,
the net price (equal to the list price minus rebates and discounts) has risen by only 57% over the entire time period and actually decreased between
2014 and 2016. The figures are reproduced with permission from Cefalu et al. (14).

critical to emphasize that uninsured pa-
tients are required to pay the full list price
and do not benefit from rebates or dis-
counts. It is tragic that the present system
has a devastating impact on those pa-
tients who are least able to afford in-
sulin’s rapidly increasing gross price. As
discussed elsewhere (14), the rapidly
increasing gross price of insulin is driven
to a large extent by the actions of PBMs
who have demanded increasingly large
rebates and discounts since ~2013.

Losses of marketing exclusivity. The
category of “older” drugs included drugs
that were marketed as relatively high-
priced proprietary drugs in 2005-2007
but became generic in 2015-2017:
a-glucosidase inhibitors and thiazolidine-
diones. Losses of exclusivity likely ac-
counted for the substantial decrease in
annual cost per user (i.e., from $803 to
$208) for these “older” drugs. Fortunately
for patients, several drugs that Zhou et al.
(13) classify as “newer” (e.g., dipepidyl
peptidase 4 [DPP-4] inhibitors, SGLT2 in-
hibitors, and GLP-1 receptor agonists) will
become generic in the not-too-distant
future, which will trigger substantial de-
creases in their prices. For example, ac-
cording to a 10-K filing with the Securities
and Exchange Commission in 2013 (17),
U.S. patents on composition of matter for
dapagliflozin and saxagliptin will expire
in October 2020 and July 2023, respec-
tively. Thus, generic DPP-4 inhibitors and

SGLT2 inhibitors will likely be available
within a few years. While the cost per
user for “newer” glucose-lowering drugs
increased dramatically (+178%) over the
decade from 2005-2007 through 2015-
2017, one can anticipate a comparably
dramatic decrease in cost per user when
DPP-4 inhibitors and SGLT2 inhibitors be-
come generic.

New drug approvals. In 2005-2007, only
two of the “newer” drugs were widely
used: sitagliptin and short-acting exena-
tide. Liraglutide, which was approved in
2010, has a more attractive clinical pro-
file than short-acting exenatide: greater
glucose-lowering effect, once-a-day dos-
ing, and decreased risk of major adverse car-
diovascular events (9,18). Liraglutide’s
greatly improved clinical profile was a
major driver of increased spending for
the GLP-1 receptor agonist class of drugs
in 2015-2017 versus 2005-2007. Four
DPP-4 inhibitors (sitagliptin, saxagliptin,
alogliptin, and linagliptin) and three SGLT2
inhibitors were available in 2015-2017.
SGLT2 inhibitors have attractive clinical
profiles, including weight loss, no intrin-
sic risk of hypoglycemia, and protection
against cardiovascular and renal compli-
cations of diabetes. The compelling clin-
ical benefits of these “newer” drugs
drove the dramatic increase (+558%)
in the number of users. From a clinical
and humanistic perspective, these “newer”
drugs provide significantly improved

benefits to people with type 2 diabetes—
even if they also led to increased spending.

Differential pricing at an international
level. Zhou et al. (13) point out that
prices for proprietary drugs are substan-
tially higher in the U.S. as compared with
other countries with similarly high per
capita incomes. Unlike the U.S., many
countries implement strict regulations to
limit how much a manufacturer can
charge for its drugs. From a microeco-
nomics perspective, this type of behavior
resembles a “perfectly discriminating
monopolist” who charges different pri-
ces to different customers—with cus-
tomers each paying the maximum price
they are willing to pay. This is only possible
because people in the U.S. are legally
forbidden to buy drugs in other countries
and import them back into the U.S. How
can companies afford to sell drugs at
lower prices outside the U.S.? In order to
make a profit, companies must sell drugs
for prices that exceed their costs. How-
ever, companies’ costs fall into several
categories. For example, companies have
marginal costs to manufacture, sell, and
distribute drugs. So long as companies
receive payments that exceed these mar-
ginal costs, it can be profitable in the short-
term for the company to make the sale.
This is the situation in many countries
outside the U.S. However, in order to
achieve long-term profitability, compa-
nies must find a way to recoup “sunk”
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costs associated with the cost of research
and development that created the in-
novative drug in the first place. The high
cost of drugs in the U.S. contributes
critically to companies’ ability to pay
the cost of discovering and developing
innovative therapies. Understandably,
the U.S. population is not universally
enthusiastic about this arrangement,
with the U.S. contributing disproportion-
ately to funding pharmaceutical research
and development whereas other high-
income countries obtain similar benefits
while paying lower prices. These complex
issues remain topics for heated debate.

While Zhou et al. (13) advocate for
targeted interventions to reduce medi-
cation costs for treatment of diabetes,
they nevertheless acknowledge that a
medication regimen should be prescribed
primarily based on clinical benefits rather
than cost consideration. In theory, it
would be possible to decrease costs by
prescribing generic sulfonylureas as the
second line “add-on” drug for patients
inadequately controlled by metformin.
However, available “real-world” epidemi-
ological evidence strongly suggests that
the metformin-sulfonylurea combination
is associated with worse outcomes as
compared with combinations of metfor-
min and newer medications such as
DPP-4 inhibitors, SGLT2 inhibitors, or
GLP-1 receptor agonists. Relative to
the metformin-sulfonylurea combina-
tion, combinations of metformin with
a “newer” drug are associated with
90-95% less risk of severe hypoglycemia,
24-49% lower risk of major adverse
cardiovascular events, and 23—70% lower
all-cause mortality (19). Fortunately, when
generic versions of these “newer” drugs
become available, this will decrease fi-
nancial barriers currently blocking uni-
versal access to the standard of care for
type 2 diabetes. Availability of generic
versions of these drugs will help bend the
arc of the moral universe toward justice.

For better or worse, the world has
generally relied primarily on the for-
profit private sector to discover and de-
velop innovative therapies for disease.
This implicit societal decision represents
a trade-off in which the private sector
provides at-risk financial investments

in exchange for a period of marketing
exclusivity. The pharmaceutical industry
has done a good job of improving ther-
apy for type 2 diabetes by delivering
three new classes of glucose-lowering
drugs. However, given the U.S. approach
to financing health care, the period of
marketing exclusivity is characterized by
high prices and restricted access to in-
novative therapeutic agents. Fortunately,
after they become generic, these “newer”
drugs will be available at more afford-
able prices for essentially infinitely long
periods of time in the future. Neverthe-
less, during the ~10-15 years of mar-
keting exclusivity, the U.S. health care
system has tolerated extreme inequi-
ties in provision of access to the best
available medical care. If the U.S. wishes
to promote health care equity and
social justice, major changes need
to be implemented.

Funding. S.I.T. has received grant support from
the National Institute of Diabetes and Digestive and
Kidney Diseases (P30DK072488 and R01DK188942).
Duality of Interest. S.I.T. serves as a consultant
for lonis Pharmaceuticals and previously worked
at Bristol-Myers Squibb (2002-2013), where he
served as Vice President for Cardiovascular and
Metabolic Disease Research.

References

1. Nathan DM, Genuth S, Lachin J, et al.; Diabetes
Control and Complications Trial Research Group.
The effect of intensive treatment of diabetes on
the development and progression of long-term
complications in insulin-dependent diabetes mel-
litus. N Engl J Med 1993;329:977-986

2. UK Prospective Diabetes Study (UKPDS) Group.
Effect of intensive blood-glucose control with
metformin on complications in overweight pa-
tients with type 2 diabetes (UKPDS 34). Lancet
1998;352:854-865

3. UK Prospective Diabetes Study (UKPDS)
Group. Intensive blood-glucose control with sul-
phonylureas or insulin compared with conven-
tional treatment and risk of complications in
patients with type 2 diabetes (UKPDS 33). Lancet
1998;352:837-853

4. Nathan DM, Cleary PA, Backlund JY, et al.;
Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and
Complications (DCCT/EDIC) Study Research Group.
Intensive diabetes treatment and cardiovascular
disease in patients with type 1 diabetes. N Engl J
Med 2005;353:2643-2653

5. Holman RR, Paul SK, Bethel MA, Matthews DR,
Neil HA. 10-year follow-up of intensive glucose

control in type 2 diabetes. N Engl J Med 2008;359:
1577-1589

6. Chew EY, Ambrosius WT, Davis MD, et al.;
ACCORD Study Group; ACCORD Eye Study
Group. Effects of medical therapies on retinop-
athy progression in type 2 diabetes. N Engl ) Med
2010;363:233-244

7. Zinman B, WannerC, LachinJM, et al.; EMPA-
REG OUTCOME Investigators. Empagliflozin, car-
diovascular outcomes, and mortality in type 2
diabetes. N Engl J Med 2015;373:2117-2128
8. Marso SP, Bain SC, Consoli A, et al.; SUSTAIN-6
Investigators. Semaglutide and cardiovascular
outcomes in patients with type 2 diabetes. N
Engl J Med 2016;375:1834-1844

9. Marso SP, Daniels GH, Brown-Frandsen K, et al.;
LEADER Steering Committee; LEADER Trial Investi-
gators. Liraglutide and cardiovascular outcomes in
type 2 diabetes. N Engl J Med 2016;375:311-322
10. Neal B, Perkovic V, Mahaffey KW, et al;
CANVAS Program Collaborative Group. Canagli-
flozin and cardiovascular and renal events in type 2
diabetes. N Engl J Med 2017;377:644—657

11. Taylor SI, Leslie BR. Cardiovascular outcome
trials of diabetes drugs: lessons learned. J Clin
Invest 2018;128:893—-896

12. Beitelshees AL, Leslie BR, Taylor SI. Sodium-
glucose cotransporter 2 inhibitors: a case study
in translational research. Diabetes 2019;68:
1109-1120

13. ZhouX, Shrestha SR, Shao H, Zhang P. Factors
contributing to the rising national cost of glucose-
lowering medicines for diabetes during 2005—
2007 and 2015-2017. Diabetes Care 2020;43:
2396-2402

14. Cefalu WT, Dawes DE, Gavlak G, et al.; Insulin
Access and Affordability Working Group. Insulin
Access and Affordability Working Group: con-
clusions and recommendations. Diabetes Care
2018;41:1299-1311

15. Novo Nordisk. Annual Report 2016. Accessed 11
August 2020. Available from http://www.annual
reports.com/HostedData/AnnualReportArchive/
n/NYSE_NVO_2016.pdf

16. Roland D, Loftus P. Insulin prices soar while
drugmakers’ share stays flat. The Wall Street
Journal, 7 October 2016

17. Bristol-Myers Squibb. Form 10-K: Annual
report pursuant to section 13 or 15(d) of the
Securities Exchange Act of 1934 for the fiscal
year ended December 31, 2013. Accessed 11
August 2020. Available from https://www.sec.gov/
Archives/edgar/data/14272/000001427214000054/
bmy-20131231x10xk.htm

18. Taylor SI. GLP-1 receptor agonists: differen-
tiation within the class. Lancet Diabetes Endo-
crinol 2018;6:83-85

19. Jensen MH, Kjolby M, Hejlesen O, Jakobsen
PE, Vestergaard P. Risk of major adverse cardio-
vascular events, severe hypoglycemia, and all-cause
mortality for widely used antihyperglycemic dual
and triple therapies for type 2 diabetes man-
agement: a cohort study of all Danish users.
Diabetes Care 2020;43:1209-1218


http://www.annualreports.com/HostedData/AnnualReportArchive/n/NYSE_NVO_2016.pdf
http://www.annualreports.com/HostedData/AnnualReportArchive/n/NYSE_NVO_2016.pdf
http://www.annualreports.com/HostedData/AnnualReportArchive/n/NYSE_NVO_2016.pdf
https://www.sec.gov/Archives/edgar/data/14272/000001427214000054/bmy-20131231x10xk.htm
https://www.sec.gov/Archives/edgar/data/14272/000001427214000054/bmy-20131231x10xk.htm
https://www.sec.gov/Archives/edgar/data/14272/000001427214000054/bmy-20131231x10xk.htm

